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In Brief 


Slugs and snails are present in most greenhouses and on outdoor flori- 
cultural plantings where they may cause extensive injury. 

Twenty-five different species of slugs and snails have been found in the 
greenhouses of New York State. Only a few of these are of importance 
as pests. 

Commercial interchange of floricultural materials results in the wide- 
spread dispersal of slugs and snails, a dispersal which is continually 
going on. 

Snails are easily distinguished from slugs. Snails have an external shell, 
slugs do not. You can recognize the common slugs and snails by using 
the “key” provided. 

Slugs living outdoors in New York State have one or two generations 
per year, although slugs living in greenhouses may reproduce more 
frequently. Methods of reproduction and the duration of life of the 
various species are varied and interesting. 

Moisture is known to play a vital role in the environment of slugs and 
snails, but it occasionally has a detrimental effect. Adult slugs are unable 
to survive prolonged periods of submersion, although their eggs are 
much more resistant to drowning. 

Associations between species of slugs and snails exist and are important. 
Even the most potent insecticides and fungicides don’t control slugs; 
only arsenic and/or metaldehyde has proven of value. 

Baits are popular because of their simplicity of application and not 
because of their effectiveness. 

As a result of many experiments, we recommend the use of a 15 per 
cent metaldehyde dust or the 20 per cent liquid against slugs at two to 
three week intervals. At least two applications are recommended, and 
more if necessary. 

Several non-chemical control methods are effective. These include 
sanitation and hand picking. None are meant to replace chemical con- 
trol, although all are of value. 

We will try to identify slugs and snails if you send them to us. 
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SLUGS AND SNAILS 


IN NEW YORK GREENHOUSES 


EDWARD J. KARLIN AND JOHN A. NAEGELE 


LUGS and snails are present in most greenhouses and floricultural plant- 
S ings. Often these pests become destructive and cause extensive injury to 
seedlings and the leaves and blossoms of older plants. They injure vegetables 
as well as flowers, but are most serious on floricultural crops. 

Twenty-five different kinds of slugs and snails are found in the green- 
houses in New York State. Fortunately only a few of these are important 
pests. 

Commercial interchange of plants, cuttings and floricultural materials re- 
sults in the widespread distribution of many slugs and snails throughout the 
world. Thus, eight of the eleven species of mollusks pictured and discussed 
in this bulletin were originally introduced into this country from other parts 
of the world. 


Do You Have Slugs and Snails? 


Some of the common slugs and snails of New York State greenhouses are 
pictured in figures 1 through 10. Although the terms s/ug and snail are often 
used interchangeably, snails characteristically have a hard external shell which 
slugs do not have. S/ugs have small internal shells. Both slugs and snails have 
soft bodies. 

It is important to be able to tell which slug or snail is present in your 
greenhouse, for some should be encouraged while others should be destroyed. 


For example, you are almost certain to see Lamellaxis gracilis, (figure 
10-a) if it is in your greenhouse since it is abundant in plant mulch on the 
soil surface. However since it is not a pest, there is no need to employ control 
practices when you see it. Contrastingly, Milax gagates, (figure 5) is a bur- 
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Figures 1—9. Slugs of New York State greenhouses. 


1. Limax marginatus ; 2. Limax maximus, striped form; 3. Deroceras reticulatum, young ; 
4. (A) Deroceras laeve, (B) Deroceras reticulatum; 5. Milax gagates; 6. (A) Arion 
circumscriptus, (B) Arion subfuscus; 7. Limax maximus, spotted form; 8. Philomycus 
carolinianus ; common slug in New York State, uncommon in greenhouses; 9. Arion 
circumscriptus. 
The scale in each figure, except figure 3, is equal to 4 cm (1} in.). 
The scale in figure 3 equals 5 mm (1/5 in.). 
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rowing pest. Even if you find only a few of these on the plants and soil, you 
may be sure there are many more below the soil surface. This slug causes 
serious injury to roots and stems, and control is necessary. 

Since slugs and snails are most active at night, they are often overlooked. 
If you can see their injury, you should start control measures. These pests 
injure plants by chewing holes of varying sizes in the leaves and stems of 
plants (figure 11). These holes may be in the middle of a leaf or on the 
edge. Often a leaf is chewed in half or a stem is cut completely through. 
Glistening patches or streaks of dried slime are frequently seen on the plants 
and the nearby ground. 

Sometimes slug and snail injury is confused with the injury caused by 
various caterpillars. Caterpillars leave a large amount of droppings on the 
leaves. Slugs and snails do not. Caterpillars often skeletonize the leaves, leav- 
ing a thin layer of plant tissue behind, but slugs and snails usually chew 
completely through a leaf. Finally, caterpillars are often found on the plants 
during daylight hours. Slugs and snails are almost exclusively night feeders. 


Which one is it? 

The following “key” enables you to identify slugs and snails that are pests 
in New York State greenhouses by offering a series of multiple-choice des- 
criptions of these pests. Read both choices and select the one which most 
nearly describes the animal you have. Your choice will in turn lead you to 
another, and so on, until your final choice produces the name of the animal. 
Thus, after reading both choices in couplet number 1, you would proceed to 
the choices in couplet number 2 if you have an animal with a hard external 
shell, or to the choices in couplet number 3 if you have an animal without 
an external shell. Figure 12 illustrates all the characteristics mentioned in the 
various couplets in this key. 


1. Animal with hard external shell; resembles figure 10 in general 
Animal without shell; slimy to touch; resembles figures 1-9 in 
In orchid-houses; shell glossy when animal is alive; approxi- 
mately } inch or less in diameter (figure 10-B) . Zonitoides arboreus 
In greenhouses growing crops other than orchids; shells conical 
or round; up to 1 inch in length or diameter, resembles figure 
10-A,C. . . . . . many species of snails, usually not injurious. 


Slug with rounded rear end when viewed from above (figure 
Slug with pointed rear end when viewed from above (figures 2, 
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Sows 
Dark band passing above iia: pore on front right side of 
slug (figure 6-A) ; sole of slug usually white, slug tan to gray in 
overall appearance; slime usually clear . . . Arion circumscriptus 
Dark band enclosing breathing pore on front right side of slug 
(figure 6-B) ; bottom of slug usually yellow to orange; slug tan 
to gray to blue-black in overall appearance; slime usually yellow 

. Arion subfuscus 
any with a keel or ihe Deal tip aa tal to edge of mantle, gray 
or black; no distinct pattern or markings (figure 5) . Mélax gagates 
Slug without a keel or ridge; often with a distinct pattern or 
distinct markings on its body . . . . ee ae 
Adults large, to 6 inches when crawling; wes banded and/or 
conspicuously marked; sometimes blackish, usually olive or 
yellow ortan . . . 
Adults small to 24 white never 
with bands; tan to dark brown to black . . . .. . . goto8 
Two conspicuous dark longitudinal stripes on mantle; often a 
third, less obvious one in between; to 3 inches when crawling; 
light brown; rarely with striping indistinct or lacking (figure 1) 
Never a distinct pair of bands on the front end; to 6 inches 
when crawling; 2 distinct color forms: one with black spots on 


Figure 10. Common snails of New York State greenhouses. 


Lamallaxis gracilis, a non-injurious species. 
Zonitoides arboreus, a sometimes injurious species. 
Oxychilus draparnaldi, a predatory snail. 


Scale line in A and B equals 10 mm (1/3 in.), in C equals 15 mm (} in.). 
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Figure 11. Slug injury on Ageratum and Vinca. 


the light colored back, the spots often coalesced into 2 or 3 
broken bands, (figure 7) ; the other color form distinctly striped 
on the body, with a light-colored keel on the tip of the tail and 
a dark gray ground color with ace mottling on the mantle 
. . « Limax maximus 
Small, dark brown to ‘ity to near Black, lighter colored speci- 
mens often overspread with black pigment particularly on the 
mantle; no color differentiation at oe pore; slime always 
clear, watery (figure 4-A). . . . . . « « Deroceras laeve 
Medium-sized; tan to dark brown to gray; very vesicle, often 
almost patternless, sometimes intensely marked with an irregular 
spotted or weblike pattern on mantle and back; breathing pore 
surrounded by a clear cream or whitish-colored circle; slime 
milky when slug is irritated (figure 4-B) . . Deroceras reticulatum 


How Slugs and Snails Live 


All slugs and land snails lay eggs. The young resemble their parents except 
that they are much smaller and sometimes lighter in color. Each species 
requires a different length of time for the development of its eggs and the 
maturing of its young. 
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Figure 12. Important recognition characteristics of slugs. 


A. Breathing pore B. Mantle C. Keel D. Sole 
Lower two figures show top view of two slugs with rounded posterior end as in 
Arion and pointed posterior end as in Limax. 


Eggs 

Slug eggs are laid in clusters in concealed and moist locations. The number 
of eggs laid at one sitting by one slug may approach 100 but averages 20 or 
30. Young adult slugs apparently lay fewer eggs than older ones. The eggs 
are gelatinous and watery in appearance. They range in size from one-eighth 
to one-quarter of an inch and vary in shape from round to oval (figures 13 to 
18). They are usually colorless, but often reflect the color of their surround- 
ings. The surface of the eggs of some species are sculptured with bumps in 
irregular rows. These nodules tend to make the eggs opaque (figure 14) and 
are apparently calcium particles which are absorbed by the embryo as it 
develops and which are formed into the internal shell of the slug. As a result, 
slug eggs often become more transparent as they grow older and the develop- 
ing embryos can be seen (figure 16). 


Out-of-doors, in New York State, slug eggs may be found during any 
month of the year. Most species overwinter in the egg stage. In the spring, 
the eggs hatch into slugs which reach maturity and lay eggs by fall. During 
periods of particularly favorable climatic conditions, the rate at which the 
eggs and slugs develop may be increased to such an extent that eggs are laid 
in mid-summer instead of in the fall, and thus a second generation develops. 


Figure 13—18. Eggs of Slugs. 


13. Deroceras reticulatum; 14. Milax gagates; 15. Limax maximus; 16. Milax 
gagates with embryos within; 17. Deroceras reticulatum; 18. Arion Subfuscus. 


The scale in each figure is equal to 2.5 mm (1/10 in.). 
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Some species also overwinter as mature slugs which may lay eggs any time 
during the spring or summer. Usually, mating takes place from August until 
mid-October. Eggs are laid from 30 to 40 days after a successful mating. 


In greenhouses, where climatic conditions are always favorable, egg laying 
occurs the year round. 


Slug eggs are generally laid on the soil surface but are usually deposited 
in places of concealment. Mulch, dead leaves, empty flower pots, plant flats, 
rocks and boards all serve as shelter. Particularly preferred are spots beneath 
clay flower pots and similar materials where the nature of the cover keeps the 
surroundings relatively cool and moist. At least one species, Mélax gagates, 
habitually buries its eggs in tunnels beneath the soil surface. Other species 
may also bury their eggs, particularly in the fall. 


Little or no development takes place in overwintering eggs before warm 
weather. The minimum temperature at which egg development will take 
place varies with the species of slug but is in the range of 32° to 40°F. At 
the minimum temperature, as long as 100 days may be required for the eggs 
to develop. However, at higher temperatures, such as those encountered in 
greenhouses, development is usually completed in ten days to three weeks. 


Little is known about the eggs of snails. They are usually much smaller 
than slug eggs and are not often noticed in the greenhouse. The eggs of 
Oxychilus draparnaldi, one of the snails commonly found in greenhouses, are 
approximately 1/16 of an inch in size and milky white in color with a hard 
external shell. Other snails have eggs which have soft shells. The eggs of 
snails are also deposited in concealed clusters in moist places. 


Immature stages 


Baby slugs resemble their parents although they may not be as fully col- 
ored. A lightly colored one-day-old slug is pictured in figure 3. As soon as 
they hatch, the slugs are active and begin to crawl or feed if the temperature 
and humidity conditions are just right. Otherwise they may remain motionless 
and concealed until nightfall provides suitable conditions for activity. Al- 
though young slugs feed immediately after hatching, it is often several days 
before the resulting plant injury becomes apparent to the naked eye. Instead 
of chewing holes completely through the leaves, very young slugs merely rasp 
away surface tissues. As slugs grow, the injury which they cause becomes 
worse. 

The rate of growth of immature slugs depends on the type and amount 
of food available. Dry conditions usually result in a loss of weight which is 
regained rapidly when moist conditions re-occur. 
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Reproduction 


Slugs reach adult size in three months to a year depending upon environ- 
mental conditions. However, both large and small slugs can reproduce. Under 
the high temperature conditions of greenhouses, slugs may lay fertile eggs 
when only six weeks old. 

Slugs can be both males and females at the same time. Usually slugs first 
develop mature male sexual organs. Afterwards, female organs may develop 
in addition to the male organs, or the male organs may degenerate leaving a 
strictly female individual. In some species of slugs, the time of change from 
male to female is strongly influenced by the amount and nature of available 
food. Usually cross-fertilization occurs, that is, two slugs mate with each 
other and both individuals subsequently lay fertile eggs. However, self- 
fertilization can also occur, and a single slug raised in isolation may lay fertile 
eggs. 

The rituals associated with the mating behaviour of some species of slugs 
are quite complex. Limax maximus mates while suspended several feet above 
the ground on slime threads and Deroceras reticulatum engages in a ‘nuptial 
dance” which lasts for an hour or more before mating. 


Length of life 


Very little is known concerning the maximum length of life of various 
species of slugs under greenhouse conditions. Out-of-doors in the temperate 
climate of New York State, slugs usually live less than one year. Over- 
wintering eggs which hatch in the spring provide the nucleus of the new 
population every year. A few adults of all species also survive the winters. 
This is particularly true of Limax maximus. In greenhouses, many adult slugs 
live for more than one year. 


Effects of submersion 

Moisture plays a vital role in the life of slugs. It is popularly believed 
to be the sole factor controlling the activity of slugs. However, temperature 
is probably as important in controlling slug activity. 

Occasionally, slugs and snails are subjected to accidental submersion in 
water for considerable periods of time. Adult slugs of Deroceras laeve and 
Deroceras reticulatum do not survive submersion in water for periods of as 
long as a day. Contrastingly, eggs of the same species develop and hatch even 
after being held under water for a period of four days. Thus, floods in “‘wet”’ 
years may be of value in killing slugs but will not seriously effect the eggs. 
The moist conditions following a flood are ideal for rapid slug growth and 
increased activity. 
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Associations between slugs and snails 


Many of the species of slugs and snails which occur in New York State 
greenhouses are very frequently found together. These associations between 
species are not necessarily the result of any attractiveness of one species for 
another, but often result from the fact that the slugs and snails associating 
with each other are attracted by the same desirable food or habitat conditions. 
Consequently, if you find one kind of slug or snail in your greenhouse, there 
are probably other kinds of slugs and snails also present. 


Methods of dispersal 


Slugs are spread from greenhouse to greenhouse with plants and plant 
parts through commerce. For example a greenhouse in Ithaca, New York, 
was checked at weekly intervals for slugs and snails over a period of nine 
months, during which time Limax marginatus was not collected. Subse- 
quently, within a single week several specimens of this slug were found. The 
occurance of the slugs coincided with the purchase of plant cuttings. No 
slugs were noted in that particular purchase, but other cuttings from the 
same source of supply have been received with both adult slugs and slug eggs 
on the plants, thus indicating that widespread dispersion results from normal 
commercial practices. 

Slugs may also enter greenhouses from the out-of-doors. On one occasion, 
newly emptied benches in a greenhouse were being refilled in the early spring 
from a pile of sandy soil which had been standing near the greenhouse 
throughout the winter. Adult Deroceras reticulatum were found deep within 
the soil pile, several feet above the ground level and in a very dry portion. 
These slugs were actively crawling as the soil was added to the benches and 
many escaped into adjacent portions of the greenhouse before the newly 
added soil was sterilized. 

Examine all materials before they are brought into your greenhouse. 
Keep areas immediately surrounding your greenhouses as free from weeds 
and rubbish as possible. In this manner chances of accidentally introducing 
unwanted pests are minimized. 


How To Control Slugs and Snails 


Formal slug control suggestions were first made during the last decade 
of the 19th century. ‘Home remedies” were probably used even earlier. 

Protective barrier rings of coal tar, soot, ash, lime and other substances are 
old suggestions and occasionally are observed in use today. Limitations of 
space, however, make such methods impractical for use in most greenhouses. 
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The discovery of metaldehyde as a slug killer in 1934 provided the most 
important chemical weapon against slugs known today. This discovery was 
the result of an accidental exposure of slugs to the English “Metafuel”’ 
(canned heat) which contains metaldehyde as a principal ingredient. This 
chance discovery is all the more remarkable when one considers that several 
closely related chemicals are of no value whatsoever in controlling slugs. 


Hope for new slug killers followed the introduction of organic insecti- 
cides in the 1940's. Perhaps one of the new insecticides would also kill slugs! 
Unfortunately none of these insecticides really provides effective control. 


Although DDT has been suggested for slug and snail control, consistently 
successful results cannot be achieved with DDT. Some of the most severe 
slug injury we have observed has occured in chrysanthemum plots which 
received weekly applications of DDT. 

Inconsistent results have also been achieved with the use of parathion. 
Parathion is unreliable as a slug killer and in view of its extreme toxicity to 
humans you should use other materials for slug control. 


Chlordane, BHC and DN-111 have been tested and proven ineffective. 


Dieldrin and endrin have been reported to kill slugs. In preliminary tests, 
we found a dieldrin spray to be ineffective in controlling slugs in 
greenhouses. Other workers have recently reported some effectiveness from 
dieldrin combined with bran in a bait formulation. Further research is nec- 
essary before a final appraisal of the effectiveness of dieldrin and endrin can 
be made. 


We recently tested five copper-containing compounds as slug killers since 
copper sulphate and copper carbonate kill snails in water. Most of the mat- 
erials tested were copper based commercial fungicides such as Greenol, 
Omazene, Crag 658, Cunimene 2243 and Corona 53. All failed to give 
satisfactory results without injuring plants. 

None of the insecticides or fungicides which have been tested have been 
of any consistent value in controlling slugs. Metaldehyde alone or combined 
with the arsenicals is the best chemical method available for the control 
of slugs on floricultural crops. 


Current control practices 


A survey of slug control methods now in use in greenhouses indicates 
that baits, the easiest and least time-consuming materials to apply, are most 
popular. Dusts are second in popularity. Liquid metaldehyde formulations are 
a recent development and are as yet not in general use. However, the ad- 
vantage of applying a material as a spray together with other chemicals is of 
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limited importance in New York State greenhouses, where aerosol applica- 
tions are popular and sprays are rarely employed on any crops except roses. 


Suggested control methods 


Although metaldehyde baits are frequently used, most of the growers we 
contacted who use baits are wot satisfied with the results. The baits mold 
rapidly and must be replaced frequently. For this reason we recommend a 15 
per cent metaldehyde dust or the 20 percent metaldehyde liquid used accord- 
ing to labeled directions to baits. We also suggest the 15 per cent metalde- 
hyde dust in preference to the 20 per cent metaldehyde liquid for slug con- 
trol. This preference results from a series of tests conducted in greenhouses 
and on outdoor plantings of chrysanthemums where a 20 per cent liquid 
metaldehyde formulation was compared with a 15 per cent metaldehye dust. 
Applications were made at varying intervals of time to ascertain residual ef- 
fectiveness. Initial kill from the liquid formulations was approximately the 
same as that achieved with the dust. However, the dust gave satisfactory 
residual action for as long as three weeks, while the liquid formulation be- 
came ineffective in a much shorter period of time. 

You should repeat the application of a 15 per cent metaldehyde dust at 
least every two weeks or more frequently if you have a heavy slug population, 
or if plants are kept moist either by frequent rain or by overhead sprinkling. 
The initial application must be thorough and must leave a visible light coat- 
ing of dust uniformly spread over the treated plants and the surrounding 
soil. Even when a light slug population is present, a second application of 
dust within two weeks should still be made to kill any slugs which were 
present as eggs at the time of the first treatment. Further treatments are neces- 
sary only if numerous slugs are still observed or severe slug injury continues. 

Metaldehyde has also been used as a dust against snails in orchid houses 
and elsewhere. The degree of control achieved against snails is much poorer 
than that achieved against slugs, and the apparent duration of control is 
shorter. More experimental work needs to be done on snail control before 
any positive recommendations can be made. 

Metaldehyde has been used without any phytotoxic effects on a great 
number of fioricultural and vegetable crops. 


Additional Helps 


Sanitation 
Sanitation is a necessary part of slug control. Use this “cleanup” pro- 
gram to reduce your slug problems within and around your greenhouse. 
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1) Empty flower pots should not be scattered indiscriminately through- 
out your greenhouse. Avoid under bench pot storage. Stack your pots on a 
clean dry wooden surface on their sides, not on ends. If your pots are stored 
under a bench, keep the pots dry. 

2) Pieces of board should be stacked in a dry area. Wooden flats should 
be stored in a dry area and turned on end or with their open sides down. 

3) Weeds should be removed from the aisles and underneath the 
benches. Areas beneath benches should be kept dry and clear. Gravel and 
cinders aid in under-bench drainage and provide unsuitable habitats for slugs. 

4) Use cinders, gravel or sandy soil in benches where pot plants are 
held. Soil should be present only when plants are grown directly in the 
benches. 

5) Do not bring new plants of any sort into the greenhouse without 
examining them for insects, slugs and snails. The number of growers who 
attributed their troubles to a specific importation of plants but who did not 
examine the plants when they first arrived is surprisingly large. 

You may object to the time that this “clean-up” takes, but without this 
clean-up, money you spend for attempted chemical control is largely wasted. 


Physical and Mechanical Methods of Control 


Hand-picking, crushing, or drowning slugs is a good idea. The time con- 
sumed is amply repaid. Even in the most severely infested ranges, an hour 
or two spent in a deliberate effort at hand-picking will noticeably reduce the 
slug population. 

You can protect individual plants of special value by placing the pots upon 
boards in a tray of water, by wrapping the stems in cotton batting, or by the 
use of electrical circuits surrounding the plants. None of these procedures 
are practical on a large scale. 


Predators 


Many insects, reptiles, amphibians and birds have been recorded as 
occasional predators upon slugs. None offer an effective and practical means 
of control. This is an interesting field for future investigations, for it is 
possible that a tropical species could be introduced that would accept green- 
house conditions but which would not be able to spread if accidentally 
introduced out-of-doors in areas of low winter temperatures. However, the 
possibility exists that the predator may become a more serious pest than the 
prey, and any introduction of foreign species can only be made after careful 
study. 
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An Additional Note 


We are continuing our study of slugs and snails on floricultural crops, 
and we would be glad to attempt identification of slugs and snails from the 
United States. Specimens should be packed in alcohol (even rubbing com- 
pounds will suffice) and sent to us in care of the Dept. of Entomology, 
Cornell University, Ithaca, New York. Snails may also be dried or the bodies 
removed and the shells sent without preservation. 
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